Introduction
Breast cancer is the leading cause of cancer morbidity and the second most important cause of mortality from cancer in subSaharan Africa (SSA). 1 Although the incidence rates in Africa are the lowest in the world, its mortality rates are highest, reflecting the poorer survival outcomes. Survival statistics have been used as an important tool for monitoring progress in cancer diagnosis and treatment. 2 However, there are relatively few population-based African cancer registries represented in international collaborative studies. In the SURVCAN-2 studies, 3 three SSA countries were represented, with an estimated 5-year age-standardized relative survival (RS) for cases diagnosed from 1993 to 1997 at 12.5% in The Gambia, 42 .9% in Harare and 45.8% in Kampala. In the CONCORD-3 studies, four African countries south of the Sahara were represented; this study reported a high level of variability in the age-standardized 5-year net survival from breast cancer, with estimates ranging from 0% in Mali to 97.5% in Ibadan, Nigeria during the 2010-2014 period. 4 Assessment of the progress that has been made in breast cancer diagnosis and treatment in SSA will be hampered if survival estimates are not accurately measured. Previous studies have shown the importance of active follow-up in countries where mortality linkage is poor, and our study makes use of actual data generated by population-based cancer registries (PBCR), enhanced by active follow-up and detailed medical record studies to obtain high-quality datasets with comprehensive clinical data.
The African Cancer Registry Network (AFCRN), in collaboration with the International Agency for Research on Cancer (IARC) and the individual registries, provided a unified framework for cancer registration and monitoring of survival across 14 PBCR from 12 SSA countries. In this article, we present estimates of breast cancer population-based survival in greater depth than previously published, investigating the effects of age and stage at diagnosis on survival at 1, 3 and 5 years after diagnosis among women in SSA.
Methods

Study population
Data were obtained from the AFCRN. We included malignant breast cancer cases (ICD-10: C50) diagnosed among black African females aged 15 and above. A random sample of incident cases diagnosed in 2008-2015 was selected from each registry. The number of cases sampled per registry was determined by the practical feasibility of obtaining follow-up information. Where patient follow-up was passive (see below), a larger number of cases could be included, when active methods were used the sample was smaller and the fraction was then a function of the total incident cases in the period concerned. None of the cases had been previously diagnosed with a breast cancer; we did not exclude breast cancer cases who had a previous cancer at a different site, although such cases are rather rare in an African setting. The follow-up time was measured from the date of incidence until the date of last contact, the date of death or until the end of the study (December 31, 2017), whichever occurred first.
Vital status
This was obtained by active methods for all but one registry (Mauritius). In active follow-up, clinical records are traced and the patient's vital status at the closing date recorded. Cases whose vital status could not be confirmed at the end of this procedure were called when a mobile number was registered in the registry record. When no further information could be obtained, home visits were made by the registry staff. Patients whose vital status (alive/dead) could not be ascertained by the closing date of the study were censored "alive." In Mauritius, passive follow-up was done to ascertain the vital status of patients; this involves linkage of the list of What's new? Breast cancer is the leading cancer diagnosis and second most common cause of cancer deaths in sub-Saharan Africa (SSA). Yet there have been few studies in this region on survival differences by stage at diagnosis. Here, the authors used cancer registry data to analyze differences in breast-cancer survival by age, stage at diagnosis and country-level human development index. They conclude that downstaging and improving access to quality care could be pivotal in improving breast-cancer survival outcomes in Africa.
registered cases with the population death records held in the vital statistics office. Patients not found to have died are assumed to be still alive.
Data analyses
For each registry, we calculated the sampling fraction, the mean age at diagnosis and proportion of cases with microscopic verification. We excluded cases diagnosed based on a death certificate only (DCO), with no follow-up information and with incoherent follow-up dates. We used the semi-complete approach, 5 which uses the survival probabilities of patients with complete followup (diagnosed 5 years prior to the closing date) and the survival probabilities of patients diagnosed more recently. We present Kaplan-Meier (KM) survival curves and estimate the observed and Ederer II RS at 1, 3 and 5 years after diagnosis using the "strs" 6 command in STATA 14. The RS is the ratio of the "observed" survival in the study population to the "expected" survival. 7 The expected survival derived from country-specific lifetables is the survival experience of the general population of the same age, sex and period. As such, differences in background mortalities of cases are taken into account. Age standardization was done using the International Cancer Survival Standard (ICSS)-1 8 , for cancers whose incidence increases with age.
Lifetables
Abridged life tables by sex and country were obtained from the WHO lifetable database.
9 Mortality probability were expanded using a Poisson regression model to obtain a complete lifetable by 1-year age group and period of diagnosis. Additional information on modeling the lifetables is found in the Supporting Information.
Stage at diagnosis
Whenever available, information on stage had been abstracted at time of registration by the registrars. Stage was categorized using the tumor-node-metastasis (TNM) system 10 in all registries. From individual categories of tumor, node and metastasis, stage was classified into four stages (I-IV) using the anatomic stage groupings of the American Joint Cancer Committee (AJCC) TNM8 classification for breast cancer. 11 For registries with no individual T, N and M data, we used the available summary stage information. Stages I and II were grouped as "Early Stage" and Stages III and IV as "Late Stage." Records with no information on stage were grouped into a separate category referred to as "Missing Stage."
Assessing loss to follow-up
The proportion of loss to follow-up (LFU) was assessed at 1, 3 and 5 years after diagnosis. Using a Cox model with patients LFU as the outcome, we evaluated whether LFU was random or if it was associated with either age or stage at diagnosis.
Human development index classification
The human development index (HDI) is a composite measure developed by the United Nations Development Programme that aims at assessing the level of development of countries. 12 It has three main components: life expectancy at birth, the educational attainment of citizens and the Gross National Income (GNI) per capita. We used the HDI 2015 13 classification to categorize the included countries and compared survival within SSA by HDI.
Modeling excess hazards
We modeled the excess hazard of death in a RS framework for patients with breast cancer as a function of age at diagnosis, stage and country HDI using a Poisson regression model. 6 We split time into monthly intervals and made use of restricted cubic splines. We fitted an interaction term between age at diagnosis and stage at diagnosis, to assess if the effect of age is constant within these categories. We used the likelihood ratio test to compare the main model with the models that include the interaction parameter.
Results
In total, there were 2,558 randomly selected cases from 12 countries, representing 30% of the total female breast cancers diagnosed in 14 individual PBCR within the study period. These registries had national coverage in Mauritius, Namibia and Seychelles; covered an urban area for all the other registries except for the Eastern Cape registry which covers a rural area. Only black African females were included-cases among women of European, Asian or mixed-race origin were excluded. We also excluded cases without any follow-up information after the date of diagnosis, or with incoherent dates, and this proportion ranged from 0% in Cotonou, Benin to 31% in Eldoret, Kenya (Table 1) . Finally, 2,311 cases (90.3%) were included in our study. Of the total number of incident breast cancer cases, the proportion included per registry ranged from 7.9% in Bamako, Mali to 100% in Eastern Cape, South Africa. The proportion of cases microscopically verified (MV%) ranged from 54.7% in Kampala, Uganda to 100% in Maputo, Mozambique and Namibia.
Of the cases included for survival analyses (Table 2) , the mean age at diagnosis ranged from 45.8 years in Addis Ababa, Ethiopia to 59.6 in Seychelles, with a median duration of follow-up ranging from 8.5 months in Cotonou, Benin to 5.4 years in Mauritius. Almost half of the patients (47.4%) were diagnosed under the age of 50. The distribution of cases by broad age group in each registry is shown in Supporting Information Figure S1 .
We obtained information on stage at diagnosis for all registries except for Mauritius. Of the 13 registries which submitted data on stage at diagnosis, stage was known for 47% of patients (892 women). Patients from Seychelles and Namibia (of high and medium HDI respectively) had the greatest proportions of earlystage diagnosis (Supporting Information Fig. S2 ). Among patients with known stage, 64.9% were diagnosed at a late stage (Stages III and IV) with 18.4% being metastatic at diagnosis (Stage IV).
Assessing LFU
The proportion of cases LFU was generally highest in the first year following diagnosis (Table 2 ). However, among those for Of the 14 registries, eight registries had a cohort of patients with a potential for complete 5-year follow-up by the closing date. The proportion of cases with 5-year complete FU ranged from 56% in Eldoret to 100% in Mauritius (Supporting Information Table S1 ). For the other registries, we evaluated survival only at 1 and 3 years after diagnosis.
Survival statistics for all ages by registry
The overall all-cause Kaplan-Meier (KM) survival was 84.1% (82.5-85.6) at Year 1, 61.4% (59.1-63.5) at Year 3 and 52.3% (49.9-54.6) at Year 5 ( Fig. 1) . The all-cause KM survival was lowest in the oldest age group (Fig. 1) . Supporting Information Figure S3 shows the KM survival by registry, the 5-year allcause survival was lowest in Kampala and highest in Mauritius.
The RS at Year 1 was highest in countries of medium or high HDI ranging from 97.1% in Namibia to 63.0% in Bulawayo, Zimbabwe (Fig. 2) . Similarly, at 5 years after diagnosis, RS was highest in Mauritius at 83.2% and lowest in Kyadondo, Uganda at 12.1% (Fig. 2) . The overall RS at Year 1 for the entire cohort was 86.1% (84.4-87.6), 65.8% (63.5-68.1) at Year 3 and 59.0% (56.3-61.6) at Year 5.
The corresponding overall age-standardized relative survival (ASRS) for female breast cancer patients in our cohort was 86.3% (83.4-88.8) in Year 1, 70% (65.6-74.0) in Year 3 and 66.3% (60.4-71.5) in Year 5. We observe disparities within SSA in the 5-year ASRS by registry, ranging from 5.3% (1.9-11.3) in Kyadondo, Uganda to 93.7% (75.5-98.5) in Mauritius (Supporting Information Table S2 ). We equally observe survival differences within the same country, with better survival rates seen for patients diagnosed in the capital cities of Zimbabwe (Harare) and Kenya (Nairobi). 
Survival by age at diagnosis and registry
There were no systematic trends in RS with age. Women younger than 45 at diagnosis had lower survival point estimates at Year 3 compared to women in the 55-64 age group in Seychelles, Cotonou, Bamako, Namibia, although with wide and generally overlapping confidence intervals (CIs; Supporting Information Table S2 ).
Survival by stage at diagnosis
Survival differed by stage at diagnosis, patients diagnosed at an early stage had a 62.5% (55.6-68.6) 5-year KM survival probability and those diagnosed at a late stage at 35.8% (30.9-40.7) for all registries combined (with the exception of Mauritius; log-rank test p < 0.001; Fig. 1 ). Supporting Information Table S3 shows the RS by stage at diagnosis for each registry, and we observe differences in survival for patients of the same stage by registry.
Survival by country-level HDI
The survival experience of patients diagnosed in countries with a high HDI was better than for patients in countries with low and middle HDI (Fig. 1) . Cases from countries with a high HDI were diagnosed on average at age 56.5 years while cases from a low HDI country at age 48. Figure 3 shows differences of the RS by HDI, even after categorization by stage. For patients diagnosed at Stages III and IV, patients diagnosed in countries with a high HDI had a 5-year RS estimated at 53.4% (35.0-69.5) while patients in countries with low HDI at 31.9% (25.4-38.5). If diagnosed early, patients in high HDI country have a 5-year RS estimated at 84.7% (67.4-96.9) while for patients from low HDI countries it 67.1% (55.4-77.0).
Excess hazard ratio; incorporating the effect of age, stage and country HDI
The excess hazard was 2.5 (1.8-3.3) times higher for patients diagnosed at a late stage compared to patients diagnosed early, even after controlling for the effect of the country HDI (Table 3 ). The country HDI was equally independently associated with an increased hazard of death, with patients diagnosed in a country with either a medium or low HDI having a hazard of death twice that in a country of high HDI, even after controlling for the stage at diagnosis (Table 3) . However, age at diagnosis was not an independent predictor of higher excess hazards after controlling for the effect of stage and country HDI in our model. There was no evidence of an interaction between age and stage at diagnosis.
Discussion
Population-level survival statistics from high-income countries are widely available, [14] [15] [16] but these are very sparse from SSA. Results from individual cancer registries have been published previously, 17, 18 and limited data have been published in previous international compilations. 3, 4 To the best of our knowledge, this is the first study that compares survival differences within SSA by age and stage at diagnosis using population-level data. It also includes the largest number of population-based cancer registries (PBCR) in a single comparative study on survival.
We observed a wide variation in survival from breast cancer within SSA, with the lowest survival observed in patients diagnosed at a late stage and in countries with a low HDI. For all cases combined, the 5-year ASRS was 66.3% (60.4-71.5), similar to survival observed 60 years ago in developed countries. For example, in England and Wales, women diagnosed with breast cancer in 1945-1949 had an estimated overall RS of 44%, and it was 55% in Connecticut, USA. 19 In 1950-1954, 5-year RS was 48% in England and Wales, 56% in Connecticut, 52% in Finland and 57% in Norway. 19 Currently, the 5-year ASRS from breast cancer is 81.8% in Europe (79.2% in UK and Ireland) for cases diagnosed in 1999-2007 14 and 91.1% in the USA (83.1% in black women) for cases diagnosed in 2008-2014. 20 Stage was an important predictor of survival, even after adjusting for age and country HDI. Of those with known stage, 64.9% were diagnosed at a late stage. An equally high proportion of late-stage disease (77%) was described in a meta-analysis including 24,213 women from a variety of hospital settings within SSA. 21 A study on breast cancer stage at diagnosis using 22 It has to be noted that there is a considerable delay between first symptoms and presentation to health care practitioner; a recent systematic review found between 3 to over 6 months delay, and there is an additional 3-6 months interval between first presentation to health care practitioner and confirmation of diagnosis of breast cancer in SSA 23 ; while in comparison, the median time from first presentation at the health care setting to diagnosis in 2004-2005 was on average 25 days (range:14-44 days) in the Aarhus county of Denmark. The median overall time from first symptom recognition to diagnosis has been estimated at 7.9 months in Accra, Ghana, 24 8.5 months in Western Cape, South Africa, at more than 10 months in Abidjan, Cote d'Ivoire 25 and at 15 months in rural Rwanda 26 ; in contrast, in 2006, about 30% of all breast cancer cases in England, Scotland and Wales were diagnosed asymptomatically by screening. 27 Some reasons for late presentation in SSA include low breast cancer awareness, 28 difficult access to healthcare (both physical 29 and economic), fear, distrust of conventional medicine and belief in alternative sources of healing. 23, 30 Additionally, pathways within the healthcare system often hinder early diagnosis. 31, 32 Unfavorable tumor biology such as triplenegative disease or the luminal-B-like phenotype may also be associated with late stage presentation, 33 as these tumors generally grow faster leading to late stage at diagnosis. Furthermore, the possibility of underestimation of Stage IV disease due to the paucity of facilities for accurate staging needs to be considered in SSA. This can also explain variations in proportion of Stage IV disease between registries depending on local availability and practice.
In addition to diagnostic delays, there are further delays between confirmation of diagnosis and onset and completion of therapy, as a result of both patient-and system-related factors. However, even for patients with the same stage at diagnosis, those in a high HDI country had a better survival experience. This may be linked to the availability and access to treatment as most people in low-and middle-income countries (LMIC) have to pay out-of-pocket for healthcare. 34 Hence improving survival among women diagnosed with breast cancers in SSA would require at least two major developments that are downstaging (through improved breast health awareness and clinical breast examination) and improved access to diagnosis and adequate treatment. 35 Age was not an important predictor of survival after adjusting for the effect of stage and country HDI in our study. In most developed countries, poorer survival at 5 years is observed among older women 14 particularly in recent years 36 and also among women diagnosed with early-onset breast cancer, before the age of 40. 37 This has been linked to the effect of screening in the middle-age group 36 resulting in a lead-time bias, and less aggressive treatment in older women. 38 However, in Africa, the population is young, and most of the patients are diagnosed before age 55. Young age at diagnosis has been associated with higher proportions of familial breast cancer with BRCA mutations but also unfavorable tumor biology factors. Since there may be a lack of the large group of middle-aged breast cancer patients with favorable tumor biology seen elsewhere, this could be one of the reasons why no difference in survival was detected.
There are several well-known potential sources of bias in survival data-particularly from cancer registries in lowincome settings, which should be considered in interpreting these results.
First, although all participating registries were populationbased, the level of completeness of ascertainment of incident breast cancer cases is not known. Although all registries, as members of AFRCN, are evaluated as registering 70% or more of the incident cancers in their population, 39 only five (Eastern Cape, Harare, Kampala, Nairobi and Seychelles) were of a quality permitting their publication in Cancer Incidence in Five Continents for the relevant period. 40 Of course, this is only a source of bias if the cases missed by registration are nonrandom, with respect to their prognosis. Since few of the registries have access to (or use) death certificates from vital registration as a source of information, one might suppose that there was differential loss of fatal cases. On the other hand, inclusion of cases notified to the registry via death registration, which would otherwise have been missed (so-called Death Certificate Initiated "DCI" cases), is known to bias survival in the opposite direction. 41 Only one registry (Mauritius) relied entirely on passive follow-up (linkage with death certificates) to ascertain vital status and identify cases that had died. This method potentially biases survival upwards, if there is a failure of record linkage, or cancer cases have migrated out of the registry area before dying. However, we actively followed up a 10% random sample of the breast cancer cases who were alive as per passive follow-upnone of them had in fact died.
With active follow up, despite all attempts to trace cancer patients, a varying proportion is lost to follow up before the closing date of the study. Again, this is only a problem if these cases are more, or less, likely to have died compared to those that were successfully followed up. In Abidjan, cases with advanced breast cancer were more likely to be LFU by Year 3, but for the rest of the registries, among patients with known stage, LFU was non-differential by either stage or age at diagnosis.
However, there was a large proportion of patients with missing information on stage at diagnosis (53%), in spite of active follow-up done by registry staff. The proportion of patients with unknown stage at diagnoses varied from 10% in Seychelles to 74% in Kyadondo, Kampala. Some of the possible reasons for the absence of stage information are challenges in record keeping and inadequate resources to adequately stage patients (limited access and availability of financial resources to pay for these investigations as well as a limited plateau technique in some areas, lacking ultrasounds, X-rays and CT-scans). In highincome countries, it has been shown that older patients are less likely to have exhaustive investigations compared to younger women, 42 however, in our context, most of our patients are below age 55.
To better understand the pattern of missing stage data, using data from four registries: Bamako-Mali, Bulawayo-Zimbabwe, Benin-Cotonou and Nairobi-Kenya, we compared the available information on stage to data that was updated following active record finding for 90 patients: We found a similar distribution of early and late stage disease among patients in both groups.
With respect to generalizing the results to the populations studied, the size of the sampling fraction is relevant, thus with larger uncertainty intervals for some registries.
In order to estimate the RS, we used national life tables to obtain the "expected" rates of death. RS estimates above 100% were observed in some age groups (Supporting Information  Table S2 ), indicating higher survival in this cohort of women coming from urban areas compared to that observed in the general population of women of the same age in the same country using country-specific life tables inclusive of both rural and urban areas. Also, we categorized the registries according to the country-level HDI, however, the level of development of an urban capital will be different from that of a rural setting. The countries with medium HDI represented were South Africa, Namibia and Kenya. However, the majority of the patients in this category were from Eastern Cape, South Africa, which is a rural area, with a level of development lower than that of South Africa as a whole. This could explain why little difference was observed between countries with medium and low HDI. However, correlations have been shown between national breast cancer mortality-to-incidence ratio (MIR) and country HDI with the use of GLOBOCAN 2012. 43, 44 Finally, we have not adjusted for other important predictors of survival like treatment received and tumor biology.
Despite the limitations, this work produces estimates of survival by stage, not previously estimated from SSA using population-level data. Due to the absence of mortality data, modelled survival was used to make estimates for mortality from most SSA countries in GLOBOCAN 2012. 45 This work produces survival estimates from actual data from more registries, which could be used to inform public health authorities on breast cancer survival in Africa and be used to improve models for breast cancer mortality from SSA.
